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TEST OF A SINGLE-STAGE AXIAL-FLOW FAN

ByE. BAETON BELL

SUMNIARY

A ~“ngle-siage axial @ was built and tesied in the
*hop of the pro~eller~eeearch tunnel of the NA(?A. The
@n coxnpriaed a single %@.ade rotor hating a diameter
of 91 &he8 and a sokiity of 0.86 and a wt of S7 eon-
traoana hwing a eoltiitg of 1.98. The mior UMSdriwn
@ a M-horsepower motor capable of rotating at a qeed
of MOOrpm. T7Lefan was teded for ralume, preswre,
and ejieieny ow a range of delirery pre.wuw and
aohmes for a m-de range oj contrawne and blade-angle
aeiting~.

l%e test resuh are presented in chartform in terms of
nondkmeional units in order that n“mila.rfarw may be
aceuratel~ designed m-i%a minimum of .q40rt. The maxi-
mu-meficien~ (88 percent) w obtained bg thefan at a
Made angle of W“ and a contrawne angle of 70°. An
e~nq of 80 percent wag obtained by the fan with the
contrawrnes remmed.

INTRODUCTION

h connection with tests of airphbne cooling systems
that are being ocmductwi in the propeller-research tmn-
nei of the National Advisory Committee for Aeronau-
tics, the need was felt for information on axial-fan
design inasmuch as the indications are that such fans
W be usedin airplane ccoIing systems in the immediate
future. In designs of aimraft with submerged engines,
it may becomo necessary to provide a ti that will
furnish the neoessary voIume of air to cool the enginq
the oil coolers, and the intercooIers. In pu&er-propel-
Ier radial-engine instaIIations, the uaq of ‘an axial fan
may help to scdve an otherwise diflicult ocol.ing prob-
Iem. The deeision was therefore made to build an
axkd-flow fan with adjustable blades and contravenes
and b conduct a series of performance tests on it.
The reauIts of thsse tests me described herein, and the
data may be used as a basis for preliminary design
studies of superchargers of the &al-fan type.

These data are limited to the chraoteristics of one
particular fan tWed over i range of blade and con-
travene settings. No information is given on the
effect of such vmiabIes as adidity of blades and con-
trava-nes, Mach number, staging for higher pressures,
or use of vfmicme airfoil sections.

Since the tiuame of this report in preliminary form,
errora of from 3 to 10 perhmt were discovered in the

pressure and efficiency curves. This error was due to
rotation of the air tilde the space downstream of the
fan hub and affected the reading of the pressure y,. A ..,.
slight alteration to the t%t sekup corrected this souroe .
of error. The tests were then repeated and the cor-
rected data me inserted in this report.

DESCRIPTION OF APPARATUS . .

The &ngle-stage axial-flow fan was built to be used , .
primarily in cooIing and duct studies; consequently,
an attimpt was made to obtain as high a combination
of pressure and volume as was consistent with the limi-
tations imposed by the motor power and the fan
diameter. Preliminary computations indicated that a
volume of 9000 cubic feet per minute at a pressure of
78 pounds per square foot could be obtained. This
emdition corresponds to 21.2 horsepower. The values
in terms of nondimensional qtantity and pressure

--.-—--

coefficients are Q/n.lF=O.446 and CZ=0.298 with the
fau rotating at a speed of 3600 rpm.

The gener@ arrangement of the blower and the test ‘ --
set-up are shown @ figures 1, 2, and 3.

.

The rctqr assembIy is shown in iigure 4. Attached
to the rotar hub are 24 blades that give a solidity of
0.86, the solidity being defined as the result of blade
chord times blade length times number of blades
divided by disk area. The disk area is the area swept
by e bIades. Figure 5 is a sketch of an indiv&Iual

Pbla e. Each bIade is of R. A. F. 6 section and has a
ma&mm thickness of 12 percent of the chord. Each

~.. .

FImn L-~W 0[ arh-kul Wran&rrwlt km W@FIQCFend.
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FImrRE 2.-View of sxlel-taoui-sngementrmmexitend,

were made at various times during the Lusts. hy
variation in the no-load torqur, caused possibly Ly
changes in lwaring friction, was aIIowtxl for in tbv datu.
The torque coefficients include Lho torqur nccrssary to
rotate the hub as well as the blades.
‘ The ehwtric motor, which supports tlw ftm hub nml

blades on its shaft, is mounted insido the fan casing
by four strwmdine struts. Etwh strut, contuins four
orifices on each side, which www used for measuring
the quantity of air flowing. The prmsuro Uiffwmce
between tke orifices and the atmosphere was cali-
brated against quantity of air flow. A venturi tube
was used for this calibration..

The casing of the fan was of rcdlcd and wrkled steel
plate, bored to a diameter of 21 inches nnd rclicvcd to

6.. /g”” Dkl -

I -/’

=% Ev?-k-ccu-?kwew
.

dill
PI(IUEI3.—Axhd4an test arruicemot.

blade has a straight twist of 2° p@rinch of blade lcngtb
and is not tapered. The blades were cut from did
bar stock duralumin on a profiling machine and were
polished and btied by hand.

F~re 6 shows the ccmtravanes and the fixed’ hub
awmmbly, Thirty-mvon contravenes with a sohdity
of 1.33 wore used. l?iguro 7 is a sketch of an inchidual
contravene. The contravrme airfoil section was arrived
at by laying out an arbitrtuy camber line and using
an IVACA 0012 thicknees distribution. Tho ordinates
of the resulting section am given in figure 7. The
contravenes were twisted 30 per inch of lengti and
were not tapered. The spacing between blade and
contravene center lines was 3 inches. A small clear-
ance between the blade hub and the eontravane hub
allowed a sIight amount of cooling @ to flow through
the motor.

Tlm power for the fan is supplied by a 25-horsepower,
direct-current electric. motor. J3cfore it was mounted
in the fan casing, the motor was calibrated with a
Prony brake for torque output as a function of arma-
ture current at a constant value of fieId current. No-
load runs with the fan rotor assembly (fig. 4) removed

a diameter of 21 ){6 inchm at thr fnn section. Th[L
contravanca were rnountcd in a hub that was cmrhvl
on the motur frame. The fan casing was carri[’d
by a skwl framework on a welded tingle-iron brew,
which was in turn mounted on rollwa resting on hard-
ened and ground steel tracks. The rollms providod a
means of measuring the thrust produced by thu fun,
The entrance cone for the fan was separahdy suppmtrd,
as shown in the auxiliary view of figuw 3. Thmc was

FlmJmx 4,—AxhWnn bhdo whed.
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a close but free joint betwem the entrance cone and
the fan casing. A cylinder having a diameter. equal to
that of the hub and motor was projeeted upstream into
the free air far enough to extend beyond the pressure
fieId of the entrance. The exit cones were independ-
ently supported and were separated from the fan by
an air gap. The working motion of the fan was there-
fore free to roil fore md aft on its roIIeN to a limited

.

9

“

A

3;” 3*

‘ IL B

extent. Connected ~o the supporting framework and
padlel to
end of the

the thrust axis was a thrust wire. One
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connected to a dial-balance head. The other end of
the thrust wire was carried over a pulley and connected
to a weight pan. The dial balance and all oount.er-
weights used were cerefully calibrated before the tests
were made.

The exit cone was provided with a celhdoid \tidow
through which tufts+ located in the air stream, could be
viewed for the purpose of estimating the stream twist
angle. At the dowmtream end of the sehup a conical
phg mounted on a screw thread was used for varying
the restriction and controlling the volume of flow.

On the end of the motor, opposite the fan hub, was
mounted the generator of a ‘i?eeton tachometer. This
instrument was wired to a ndliamm eter, the reading of
which was frequently caIibratti against mater speed.

DESCMPTION OF TESTS

MI tests were run at a speed of 3600 rpm except. b
cases in which the torque would have exceeded 36.5
foohpounds, which corresponded to the motor rating.
Under those conditions the tests were run at maximum
motor torque.

A Serie9 of tests was run with sev-e@ cOntravane-
angIe settings ranging from 40° to 70° and another
series was zun without contravenes, At each of these
conditions the bIade angles were varied from 5° or
10° to 35° or 40°. The quantity and the pressure
coefEcients were varied by changing the restriction at
tie outlet of the test set-up. At each point, data wero
taken of balance reading, amount gf counterweight,
manometer readings of the static pr~e pc and of the
pressure at the orMces in the motor support, bmometer
reading, temperature, bygrometer reading, tachomet.w
reading, motor field current, and motor armature cnr-
rent. The angle @ flow downstream of the fan was
estimated by Iooking at the tufts.

Extreme care was taken in setting the blade and the
contravene angks but, because of the difllculty in
setting them, they may not have been sat closer than
+%’. BIade and ccmtravane angles were measured
at a radius of 7% inch= (71.4 percent l?). Both blade
and contravene angles were measured with respect to
the same reference plane, that is, the plane of rotation
of the blades.

PRESENTATION AND DISCUSS1ON OF RESULTS

The ramh% of the test reported in this paper are
presented in a manner similar to that used for pro-
pellers. IVondimensionaI coei3icients, which are applic-
able ta any similar axial fan operating at or near the
same ReynoIds and Mach numbers, are used.

2’
CT== torque coefficient

These coefllcients are p~otted against the quantity
coefficient Q/nD
where:

17 fan diam8ter, 1.75 feet
n rotational speed, revolutions per second
Ap pressure rise across fan, pounds per square foot
Q quantity rate of flow, cubic feet per second -
P mass density of air, slugs per cubic foot
2’ torque, foot+ounds

ak!.o:

p. static preasore on downstream side of fan hub
p blade tmgIe, degrees
@ ccntravane angle, d&rees
# stream twist angIe, degrees
R bhule radius

The coefEcient Q/nP corresponds to Vjn.D as used for
propellers and is also proportional to the discharge
co~cient p as used in reference 1. For the. particular
fan tested Q/n17=0.412 V/nD (where V=average
velocity though the disk) and Q/~&—l.29P.

The presure rise across the fan was taken as tie
thrust on the disk area &tided by the disk area. The
thrust on the disk area is equal to the thrust obtained
on the thrust system (balance and counterweights)
corrected for the force resulting from pressure on the
downstream side of the hub, that is, p, measured ii the
space inside the tit cone. Thip correction wris either
added to or subtracted from the thrust, depenchig on
whether PC was below or above” atmospheric pressure.
As the horizontal areas at the free joints on eith”m end
of the blower outer cassg wqe small; the correction
for any pressure dHerence at these point9 was neglected.
No correction w-as made for apy pressure drop due to
flow if cQoling air..

The coef6cient C?z is proportional to tbe preksure
caeficient used in reference 11which in the notation of”

this paper is Apj{u9, where u is the rotational tip speed. “

For this fan, 0, Z4.93 Ap/~ u’.

The results are pres~nted in &ures 8 to 28 as fo~ows:.

-= cmtzmfy&y*tk -

Sto il.-- .--. _----:----------------------- 40.
12 to lo------------------------------------ ML
16 to lo------------------------------------- 60.
m to n-------__ --__ ------- .----__ -----IF--- 7Q. --
24 to ~-----._--------_--_-__-_- No Cc@avanee.

28--: — ------------------------- Variation of fan c@-
acteri&ios wfth m-
rotational spe@...

Two plots of the pressure-coefficient data are presented.
In one pIot, the test points are given and Iines of con-
stant angle of twist downstream from the fan are
superimposed. Ih the other pIot, lines of constant
efficiency are superimposed to facilitate design work.
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The stream angIe #, for which constant vahm are
imposed on the pressure-coefficient plots in @urea 9,
13, 17, 21, and 25, is the average stream angl~ as estim-
ated by viewing the tufts located behind the bIade
wheel. Under certain conditions there was consider-
able variation of the angIe along the radius. lt is
believed, however, that tbe stream angle of most of
the air was within +3° of that given. Positive vahs
of # indicate that the air steram was twisting in the
direction of rotation of ‘the rotor.

The maximum efficiency of 88 percent for this fun
was found to be at a blade-angle setting of 30° and a
contravene setting of 70°. It is interding to note. that
the contravene setting of 70° yieIded the highest ef&
ciencies for nearly alI vahms of Qjn~ a.

The fan eficiency with ccmtravanes removed was 80
percent as compared with 88 percent with the contra-
venes set 70°. Tl& loss of 8 percent resuhs from the
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fact that the rotational losses occurring without con-
travenes were greater than the profile drag of the ccin-
travanes. The downstream angle of twist for the peak-

.-. .—

dliciency condition with contravenes set 70° was about -
5° or 100, whereas the angle of twist with contravenes .__:
removed was about 25°.

Of perhaps more importance than the effect on efi- .-.
ciency is the effect of contrawmes on the pressures
produced. The maximum pressures for a given quan-
tity of flow were found to be considerably kss with
contravenes removed thun with them installed, regard-
less of the blade-angle setting. RIen the contravenes .........

RofOfionOlspeed, n,rps

.-

FkicFtE ‘a.-Variation of fanchmaderisticswithmtatkmdsrml. QldP,0.+%
A Z&;+.. w.

w~e remov~, the rottttion~l interference velocity was
in the same direction as the blade rotational veIocity. .-

The result was a certain relative velocity over the
blade surfaces and, consequently, a certuin pressure.
When the contravenes were m place, the air was given
an inflow rotational-velocity component opposite in
direction to that of the ~tor, the result being an
increase in the reltttive velocity between the air and the
rotor blades and an increase in pressure.

The stalling cha_mcteristics of the fan were wry pro-
nounced. b Iong as the blades were unstalled, opera-
tion was very smooth. & the rdriction was increased
and the flow was decreased, however, the fan reached a
stalling point beyond which the operation became very

=.
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rough and” nOiSy. In some cases the quantity of air
flow dropped 04 considerably with stalling, and it was
impossible to obtain points for a curve, On all the
curves, the stalled portion is indicated by clotted lines
when enough points could be obtained to justify it.
It is recommended, however, that fans be designed to
operate only in the unstalkd portion.

As the range of this fan was limited by both the
torque and the speed characteristics of the motor, little
att~mpt was m~de tQ get an extensive evaluation of I
scale &eCt. One series-of tests was made, however, at
I!3=25° and +=70° for a short range of Q/n~ at different
blower speeds. Values of C=, C,, and T were taken
from these tests at a value Gf Q/@= 0,45. Thgse
values are p]otted in @gure 28 agai~t fan rotation@
speed, and the results indicate tht, while the pressure
and the torque increase, the efficiency decreases with
Reynolds number, The variation of pressure and

torque coefficients with Reynolds numbw is unmpcch
edly lmge.

No eflwts from compressibility would ho exprctwl
fmm these tests, inasmuah as the highest tip speed was
only 330 feet per second. Compressibility should be
taken into account for designs wherein the tip speeds
will be above 600 feet per secoml.

LANQ~EY MEMORIAL AERONAUTICAL LABORATORYI

“NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,
LANGLEY FIELD, VA., S@ember 2%, 19.#1.
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